Abstract: Diabetic retinopathy (DR) is a micro-vascular complication of diabetes affecting nearly all persons with a duration of diabetes of $15 years; and is the most common cause of blindness in the working-age adult population in developed countries. Vision loss results mainly from macular edema, macular capillary nonperfusion, vitreous hemorrhage, and tractional retinal detachment. Timely and appropriate care at early stages of DR can significantly reduce visual loss over time, improve patients' quality of life, and reduce the financial burden associated with the complications of visual impairment. Treatment modalities such as retinal photocoagulation, intraocular injections of pharmacological agents, and vitreo-retinal surgery have been effective in the management of DR. Optometry is a health care profession that is concerned with eyes and related structures, vision, and the visual system. Apart from refraction and visual rehabilitation, optometrists have a wide range of roles to play in DR management by performing new visual acuity tests, detecting DR early using dilated ophthalmoscopy and if required imaging modalities, monitoring disease progression, providing timely follow-up examinations and management which are critical for early diagnosis and intervention, making referral for concurrent care when indicated, and, above all, educating the patient. The optometrist's participation in the shared care of DR management regimen is likely to result in improvement in patient outcomes. This review is aimed at highlighting what primary-care optometrists are doing to manage this sight-threatening disease, what they can and should do to improve their competence in providing eye care to patients with diabetes, and what guidelines they need to follow to improve visual outcomes in the management of DR and diabetes mellitus.
Diabetes mellitus
Diabetes mellitus (DM) is a metabolic disorder characterized by the presence of hyperglycemia due to defective insulin secretion, defective insulin action, or both. The chronic hyperglycemia of diabetes is associated with significant long-term microvascular and macrovascular complications. 1 Peripheral vascular disease, ischemic heart disease, and stroke are the macrovascular complications, while nephropathy, neuropathy, and retinopathy are the microvascular complications. Hypertension and abnormalities of lipoprotein metabolism are often found in diabetic patients. 2 Recent estimates of International Diabetes Federation (IDF) have shown that 382 million people worldwide (8.3%) have diabetes, and the diabetic population is set to rise beyond 592 million by 2035. Currently, it is estimated that 171 million (46%) people with undiagnosed diabetes are progressing toward complications without awareness.
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Around 316 million people worldwide (6.9%) are estimated to have impaired glucose tolerance, which is projected to increase to 471 million people (8.0%) by 2035. Diabetes caused 5.1 million deaths in 2013, and in every 6 seconds a person dies from it. 3 
Types of diabetes
There are several forms of diabetes, [1] [2] [3] and the important ones are as follows: 1. Type 1 diabetes mellitus (T1DM) is characterized by an absolute deficiency of insulin secondary to immunemediated destruction of the pancreatic beta cells. 1, 3 2. Type 2 diabetes mellitus (T2DM) is characterized by peripheral insulin resistance, impaired regulation of hepatic glucose production, and declining β-cell function, eventually leading to β-cell failure. 1, 3 3. Gestational diabetes mellitus is characterized by insulin resistance probably by hormones produced by the placenta and subsequent high blood glucose during pregnancy. It tends to occur around the 24th week of pregnancy. 1, 3 4. Maturity onset diabetes of the young is a rare form of diabetes which is different from both T1DM and T2DM and runs strongly in families. This type of diabetes is characterized by onset of hyperglycemia at an early age (generally before age 25 years) and impaired insulin secretion with minimal or no defects in insulin action. 2 5. Steroid-induced diabetes is hyperglycemia resulting from impaired glucose transport into muscles due to adverse effects of glucocorticoid (GC) therapy. It is an iatrogenic form of T2DM. It is also known as GC-induced hyperglycemia, in which subjects will have normal glucose tolerance when not taking GC. 2 Prediabetes is a term referring to impaired fasting glucose, impaired glucose tolerance, 2 or a glycated hemoglobin (HbA 1c ) of 6.0%-6.4%, each of which places an individual at high risk of developing diabetes and its complications. 1 
Criteria for the diagnosis of diabetes
Glucose can be measured in whole blood, serum, or plasma, but plasma is recommended by both the American Diabetes Association (ADA) and the World Health Organization (WHO) for diagnosis. The current diagnosis criterion for diabetes by ADA (2014) 2 is given as 1) HbA 1c $6.5%, 4 2) fasting plasma glucose (FPG) $126 mg/dL (7.0 mmol/L), 3) 2-hour plasma glucose $200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test (OGTT), or 4) a random plasma glucose $200 mg/dL (11.1 mmol/L) in patients with classic symptoms of hyperglycemia or hyperglycemic crisis. In the absence of unequivocal hyperglycemia, criteria 1-3 should be confirmed by repeat testing.
Several studies have shown that the HbA 1c value predicts the risk of microvascular complications and that lowering HbA 1c concentrations by tight glycemic control significantly reduces the rate of progression of microvascular complications. 5, 6 Diabetic retinopathy Diabetic retinopathy (DR) is a chronic, progressive sightthreatening disease of the retinal microvasculature and it remains a leading cause of legal blindness in working-age population in the developed world. 3, [7] [8] [9] The legal blindness (best corrected visual acuity [BCVA] of 20/200 or worse) was estimated to be 25 times more common in diabetic patients than in nondiabetic people. 10 The findings from the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) revealed that nearly 90% of people with T1DM and 60% of patients with T2DM had DR after 20 years from the onset of diabetes. 11, 12 A recent study showed that a fasting glucose level of $7.0 mmol/L, a 2-hour plasma glucose value in a 75-g oral glucose tolerance test of $11.1 mmol/L, or an HbA 1c value of $6.5% can predict the development of retinopathy in diabetes patients. 1 The WESDR, the Diabetes Control and Complications Trail (DCCT), the United Kingdom Prospective Diabetes Study (UKPDS), the Early Treatment Diabetic Retinopathy Study (ETDRS), the Diabetic Retinopathy Study (DRS), and the Diabetic Retinopathy Vitrectomy Study are the major randomized multicenter clinical trials that have elucidated the incidence and prevalence of DR, risk factors, and progression rates of each level of DR, and guided follow-up intervals, proper delivery, timing, and resulting effectiveness of glycemic control and laser photocoagulation. Sivaprasad et al have addressed the regional and ethnic variations in the prevalence of DR worldwide from various clinical trials and studies. 13 The DCCT trial reported higher prevalence of DR in T1DM patients with poorer control of blood pressure and glycemic status.
14 The 25-year WESDR study has shown a decline in proliferative diabetic retinopathy (PDR) in the latter half of the study compared to the first 12 years 15 and a decrease in the rates of macular edema (ME) from 2.3% in the first 4 years to 0.9% at the 25-year follow-up. 16 These reductions of ME and PDR incidences resulted in the lower prevalence of visual impairment in the more recent period of T1DM diagnoses. 15, 16 Several studies have attributed this
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Screening for diabetic retinopathy: optometrist's perspective decline in DR incidence to advances in insulin therapy that have decreased hyperglycemia.
17,18
Pathophysiology and classification of DR
The hallmark of DR is retinal microvasculature instability, decompensation, and collapse. 19 DR affects the retinal capillaries before it impacts the larger vessels. The microvascular changes result in basement membrane thickening of the capillaries, pericytes loss, smooth-muscle-cell depletion, vascular endothelial cell loss, vascular occlusion and recanalization, and, ultimately, neovascularization. 20 The DCCT and UKPDS clinical trials confirmed the strong relationship between chronic hyperglycemia and the development and progression of DR, but the underlying mechanism that leads to the development of microvascular damage as a result of hyperglycemia remains unclear. 21, 22 Activation of multiple cellular pathways are mediated by hyperglycemia and is considered to play an important role in the DR pathogenesis. These include increased polyol pathway flux, activation of the diacylglycerol (DAG)-protein kinase C (PKC) pathway, increased expression of growth factors such as vascular endothelial growth factor (VEGF) and IGF-1, hemodynamic changes, increased formation of advanced glycation endproducts, and increased hexosamine pathway flux. 23 These pathways terminate in increased oxidative stress, inflammation, and vascular dysfunction, which result in eventual increased permeability, vascular occlusion, and local ischemia. VEGF is one of the important survival factors for endothelial cells in the process of normal physiological and abnormal angiogenesis and induces the expression of antiapoptotic proteins in the endothelial cells. Elevated levels of VEGF seem to be an initiation factor of vascular injury. 24 Aldebasi et al have shown that VEGF-A signals mainly through the VEGF receptor 2 on endothelial cells, leading to increased vascular permeability, angiogenesis, and endothelial cell proliferation. 24 VEGF, a cytokine released by retinal vascular cells, is the major initiator of angiogenesis in DR, governs vascular permeability, and initiates angiogenesis in response to hypoxia. 19, 25 In diabetic macular edema (DME), VEGF and advanced glycation endproducts have been proposed to upregulate the level of intercellular adhesion molecules-I, and, in turn, to result in an increased level of leukostasis in the retinal vessels, increased vascular permeability, and loss of capillary perfusion. [26] [27] [28] In PDR, as VEGF levels increase in response to hypoxia, pigment epithelial derived factor (antiangiogenic) expression is thought to decrease, creating a pro-angiogenic environment. 25 A study conducted by Aldebasi et al in T2DM patients in Kingdom of Saudi Arabia showed that dyslipidemia and lipid peroxidation may play a role in DR pathogenesis and that patients with PDR have marked lipid abnormalities and increased lipid peroxidation. For T2DM, lipid alteration control through glycemic control and/or lipid lowering medications are required to postpone or prevent vision loss from DR. 29 DR is broadly classified into nonproliferative (NP) DR and PDR. 30, 31 Lesions of NPDR include hemorrhages, microaneurysms, dot and blot hemorrhages, cotton wool spots, hard exudates, venous caliber abnormalities, and intraretinal microvascular abnormalities (IRMA).
Based on the presence and degree of retinal lesions, NPDR is clinically classified as mild, moderate, severe, or very severe.
PDR is marked by new vessels on the optic disk (NVD), new vessels elsewhere on the retina (NVE), preretinal hemorrhage, vitreous hemorrhage, and fibrous tissue proliferation.
The study conducted by Kroll et al showed that PDR affects ∼50% of patients with T1DM, 5%-10% of patients with non-insulin-dependent T2DM, and 30% patients with insulin-dependent T2DM after 15-20 years of DM. 32 There are various classification systems for grading the severity of DR. Among those, the ETDRS severity scale is a recognized standard for grading severity of DR and it is based on the modified Airlie House classification of DR. Its use in everyday clinical practice is difficult since the definitions of the levels are detailed and require comparison with standard photographs. The ETDRS classification of DR is based on grading of stereophotographs of seven fields and classifies DR severity levels as: 33 
Classification of DME
The ETDRS introduced the term clinically significant macular edema (CSME), and it can occur at any stage of DR. When ME threatens central vision, it is called CSME. CSME is a clinical diagnosis that is not dependent on visual acuity or results of ancillary testing. 33 CSME was defined based on slit-lamp biomicroscopy 33 as 1) thickening of the retina at or within 500 µm of the center of the macula; 2) hard exudate at or within 500 µm of the center of the macula associated with thickening of adjacent retina; or 3) a zone of retinal thickening one disk area or larger, any part of which is within one disk diameter of the center of the macula.
Risk factors
All people with diabetes -both T1DM and T2DM -are at the risk of developing DR. From the disease point of view, risk factors can be classified as either nonmodifiable or modifiable, as shown in Table 1 .
There is already strong evidence that longer duration of diabetes, poorer control of blood glucose, and elevated blood pressure are the major factors responsible for the onset and progression of DR. The WESDR study reported that the prevalence of DR ranged from 17% in T1DM and 29% in T2DM when the duration of diabetes is 5 years to almost 100% in T1DM and 78% in T2DM patients when the duration is 15 years. 11, 12 The DCCT and the UKPDS have established that hyperglycemia is the decisive risk factor for the development of DR. 5, 6 The presence of DR is identified as an important risk factor for the development of micro-and macrovascular complications in diabetic patients. 55, 56 Every 1% decrease in HbA 1c resulted in 40% risk reduction for DR, 25% for Sight Threatening Diabetic Retinopathy (STDR), and 15% for blindness. 6 The higher risk of PDR is in the age-at-onset group of 5-14 years, whereas the lowest risk is in the age-at-onset group of 15-40 years. 37 Other reported risk factors are anemia, isolated abdominal obesity, increased waist:hip ratio, sedentary lifestyle, dietary transition toward a high-fat, high-energy-density, and low-fiber diet. 13 
Treatment modalities of DR
Treatment for DR is often very effective in preventing, delaying, or reducing vision loss. But there is no cure for DR. A review on trials of DR treatment showed that strict glycemic and blood pressure control were beneficial for the prevention and progression of retinopathy. 57 The treatment modalities available for DR are laser photocoagulation, intraocular injections of pharmacological agents, and vitreoretinal surgery.
Laser photocoagulation
Laser photocoagulation has been reported to be effective for reducing the risk of visual loss in patients with specific findings of DR (ie, CSME and PDR with high-risk characteristics). More often, it is used to stabilize vision rather than recovering vision. Visual loss in DR is primarily due to the development of ME or macular ischemia. The edema may respond to laser photocoagulation, but ischemia does not. 58 Two types of laser therapies are used in DR management: 1. Focal or grid macular laser (consisting of up to 200 small applied burns to the areas of central retinal thickening) is usually used in the cases of ME. 59 A single session of focal or gird laser treatment is found to reduce 60% of moderate visual loss due to DME. 59, 60 2. The second is scatter or panretinal photocoagulation (PRP). In PDR, the central and peripheral vision loss is due to bleeding from NVD or NVE. PRP is used to treat PDR, in which nearly 2,000 large burns, of greater intensity than employed in macular laser, are applied to the retina outside the central 30° zones. 59 PRP can reduce severe vision loss due to PDR by 95%.
61
Even though laser therapy has proven to be effective in the treatment of PDR and DME (CSME), there are some adverse effects of laser treatment, especially loss of peripheral and parafoveal vision following PRP and focal lasers, respectively. 
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Screening for diabetic retinopathy: optometrist's perspective intraocular pharmacological intervention Based on the understanding of the biochemical processes that result in vascular compromise in the retina, new pharmacological treatments have been developed and are available for the treatment of DR. These pharmacotherapies include the intravitreal injection or implantation of steroids (triamcinolone acetonide, dexamethasone, and fluocinolone acetonide) and VEGF inhibitors (pegaptanib, ranibizumab, bevacizumab, and aflibercept). Intravitreal triamcinolone acetonide (IVTA) and bevacizumab yield short-term anatomic and visual improvements in DME and could be valuable adjuncts in PDR treatment. The complications of IVTA are cataract formation and ocular hypertension. 62, 63 Bevacizumab and ranibizumab are considered as alternative treatment for DME because of their lower risks of intraocular pressure elevation and cataract formation when compared to intravitreal administration of corticosteroids. 64 Several prospective clinical studies in patients with DME (READ-2, RESOLVE, RESTORE, DRCR.net Protocol I, and RISE/RIDE) have demonstrated that intravitreal ranibizumab reduces ME and sustainably improves vision. In the Diabetic Retinopathy Clinical Research Network (DRCR. net) Protocol I Phase III study, ranibizumab combined with prompt or deferred (by $24 weeks) focal/grid laser generated significantly greater mean changes from baseline in BCVA after months 12 and 24 than laser alone or combined with triamcinolone. 65, 66 These vision gains were generally maintained at month 36 in ranibizumab-treated patients, although prompt laser treatment provided no added benefit, and possibly worsened visual outcomes over time compared with deferred laser treatment. 67 The RISE and RIDE trails compared monthly ranibizumab 0.3 mg and 0.5 mg with sham injection. 68 In both trials, ranizbizumab-treated patients gained $15 letters from baseline at month 24. The percentage of patients achieving a Snellen equivalent of 20/40 or better was also significantly greater in patients treated with ranibizumab at month 24 compared with the sham-treated group. In ranibizumab-treated patients, DME was significantly improved on optical coherence tomography (OCT), and they required significantly fewer macular laser procedures than sham-treated patients. 68 Lesser BCVA gains were seen in patients who crossed over from sham to ranibizumab 0.5 mg after month 24 compared with BCVA gains observed in patients who had been randomized to receive ranibizumab from the beginning of the studies. 69 The RESTORE study found significantly greater mean change in BCVA from baseline at month 12 and better health-related quality of life for ranibizumab treatment alone or combined with laser therapy group compared with laser monotherapy group. 70 In the BOLT trial, intravitreal bevacizumab has been compared with modified ETDRS macular laser therapy in patients with center-involved CSME. 71, 72 In the bevacizumabtreated group, mean BCVA was significantly better, gained more letters, and had 5.1 times higher odds of gaining at least ten letters over the 12-month study period compared with the macular laser arm. 71 Additionally, there was a reduction in central macular thickness at month 12, 71 and these visual and anatomical improvements seen with bevacizumab treatment were maintained at 24 months. 72 
Surgical intervention
Vitrectomy surgery can be beneficial in some cases of PDR and may aid in the resolution of DME. Indications of vitrectomy 73 include severe vitreous hemorrhage of 1-3 months duration and that does not clear spontaneously; advanced active proliferative DR that persists despite extensive PRP; tractional macular detachment of recent onset; combined traction-rhegmatogenous retinal detachment; and tractional ME or epiretinal membrane involving the macula.
The Diabetic Retinopathy Vitrectomy Study showed that early vitrectomy was beneficial in restoring and preserving vision in patients with PDR with or without vitreous hemorrhage. 74 
Diagnosis of DR
It is important to identify DR as soon as possible to prevent blindness. Diagnostic tests to rule out the presence or absence of DR are dilated eye examination, fundus photography, fluorescein angiography (FA), and OCT.
Dilated eye examination
Studies have shown that ophthalmoscopy can provide good results in the hands of trained clinicians but the method is not sensitive on its own compared to mydriatic retinal photography. Ophthalmoscopy still has a place as a screening/monitoring method in a routine clinical practice, as well as having a limited place in screening programs. Dilated eye examinations should be performed by an ophthalmologist or optometrist who is knowledgeable and experienced in diagnosing DR. Several guidelines on "recommended timing of first retinal examination" for different types of diabetes are available from various countries/organizations. However, there is considerable variation between existing guidelines in the recommended frequency of referral, methods for examination, and personnel involved in screening. Recommended initial eye examination and follow-up schedule for diabetes patients by 
Ancillary testing
Fundus photography, FA, and OCT are considered as ancillary procedures in diagnosing and evaluating DR.
Fundus photography
Fundus photographs are visual records that document the current ophthalmoscopic appearance of a patient's retina, optic disk and posterior pole, disease severity, and response to treatment. It is widely used to study the characteristics of DR such as microaneurysms and DME. This is because retinal details may be easier to visualize in stereoscopic fundus photographs compared to direct examination. 76 IDF has suggested that fundus photographs are a better option for DR screening than direct ophthalmoscopy due to its higher sensitivity. 77 Mydriatic retinal photography showed better sensitivity (80%) than ophthalmoscopy regardless of who was reading the photograph or using the ophthalmoscope. 78 The National Health Service (NHS) Diabetic Eye Screening Program is a part of Public Health England, UK, and aims to reduce the risk of vision loss among people with diabetes and treatment. In the NHS screening program, digital photography is offered to all eligible people with diabetes aged 12 and over every year because it is aimed at improving the identification of cases with STDR. 79 The NHS diabetic eye screening program guidelines for undergoing dilated fundus photography 80 include: 1) children and adolescents with T1DM should undergo dilated fundus photography annually from age 12; 2) T2DM patients should undergo dilated fundus photography annually from the diagnosis of DM; 3) diabetic patients with learning disability should also be included for photography; 4) pregnant diabetic women should be offered digital retinal screening following their first antenatal checkup and again at 28 weeks if the first examination is normal; 5) if any DR is present, additional retinal assessment should be performed at 16-20 weeks; and 6) women with PDR in pregnancy should have ophthalmological follow-up for at least 6 months following the birth of baby.
Fluorescein angiography
FA is the only method to assess the retinal capillary perfusion. Fundus FA (FFA) can be used to identify vascular leakage, foveal ischemia, and treatable lesions in eyes with DME. Features of DR such as microaneurysms, blot hemorrhages, and IRMA are easily seen in FFA. 73 
Optical coherence tomography
OCT is utilized to perform a cross-sectional imaging of the retina. It has become routine technology to assess and quantify macular thickening, DME, and detecting vitreomacular traction. Thus, OCT may assist in patient selection with DM who can benefit from treatment, identify what treatment is indicated, guide its implementation, and allow precise monitoring of treatment responses. OCT is the technique of choice for the early detection of ME and for the follow-up of DR. Trained optometrists can make effective use of these imaging techniques in detecting DR and monitoring progression and eye responses to the treatment.
importance of early detection of DR severity
Early detection, accurate evaluation, timely treatment, and careful follow-up are the essential factors to reduce the risk of vision loss among patients with DM. At the minimum, an annual retinal examination is required for patients with both T1DM and T2DM, and a more frequent examination is required for patients with progressing disease. 8 
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Screening for diabetic retinopathy: optometrist's perspective for PDR and DME. The mainstay of PDR treatment is PRP, which has been shown to induce sustained remission and reduce the risk of severe vision loss to 4%. 81 Studies on laser therapy have found that PRP reduces the rate of vision loss in PDR patients by 60%, and focal laser can decrease the rate of vision loss in DME individuals by 50%. 82, 83 The need for treatment and frequency of follow-up intervals are decided based on the progression rates of DR and the severity of vision loss. It is essential that an optometrist who provides DM eye care should accurately detect and determine DR severity in order to recommend appropriate evidencebased medical and eye care.
Role of the optometrist in DR screening
Optometrists provide a wide range of care, including performing vision and eye assessments; screening for, monitoring, and treating eye disease; and prescribing and supplying spectacles, contact lenses, low vision aids, and therapeutic drugs. 84 Additionally, they refer patients for specialty care and provide rehabilitative and ancillary services in relation to health and functioning of the visual system, making them essential in the development of a co-management plan. 85, 86 In USA, Doctors of Optometry (OD) are on the frontline of eye and vision care, and provide two-thirds of all primary eye care to the community. 87 American Optometric Academy's guidelines on diabetes eye care suggest that timely diagnosis, intensive diabetes treatment, and consistent and long-term follow-up evaluations for diabetic persons are necessary for effective care which can preserve vision and reduce the risk of vision loss. 87 Early detection of retinal damage and timely intervention can prevent or delay blindness due to DR in 90% of diabetic population. 61 Optometrists can preserve vision and reduce the risk of vision loss in these patients by providing comprehensive eye examination including a dilated retinal examination, timely diagnosis, appropriate management, and referral if retinopathy is present. In Australia, optometrists have been involved in the screening of ocular diseases in known diabetes patients 88 and have been found to be effective in detecting and managing retinopathy. 89, 90 Chronic eye diseases such as age-related macular degeneration, DR, and glaucoma are known to affect the patient's vision and require timely treatment by an ophthalmologist. But these chronic disorders need monitoring and do not require treatment by an ophthalmologist if the condition is stable. Hence, optometrists could monitor and manage these patients, and yield considerable patient service benefits under shared care arrangements with ophthalmologists to reduce the patient load on ophthalmological services. 91, 92 Prasad et al studied the effectiveness of optometric examination of DR through dilated pupils using slit-lamp biomicroscopy. 93 The test sensitivity for detecting STDR was 76% and specificity 95% by utilizing this method of screening for DR. It was concluded that optometrists performed well, and the performance was facilitated by the use of simple grading and referral criteria. 93 Similarly, Olson et al compared digital retinal imaging, fundus photography, and slit-lamp biomicroscopy by specially trained optometrists and reported sensitivity and specificity of 73% and 90%, respectively, when optometrists used slit-lamp examination in referable DR cases. 94 Hulme et al evaluated DR screening service that utilized optometrists using slit-lamp and volk-lenses. 95 For the detection of STDR, sensitivity and specificity were 87% and 91%, respectively. Optometrists screened 26% of people with diabetes in a 4-year period, thus suggesting a reasonable level of service provision within a geographical location. 95 The roles of the optometrist in DM and DR management are as follows.
Patient education
It is important for an optometrist to provide clear and concise patient education. Optometrists should make their patients aware of the need for timely eye care to reduce the risk of vision loss. It is recommended that persons with diabetes should have at least yearly dilated fundus examinations to maintain optimal visual acuity. 73, 87 Many patients with DM are unaware of the association between hypertension and diabetes. Hence, it is essential to educate diabetic patients about proper nutrition, healthy lifestyle, associated risk factors, and the importance of controlling risk factors that would result in the development and progression of DR and vision loss. 73, 87 Patient history An inquiry of a patient's history, which includes the known DM and DR risk factors, will help optometrists to identify a high-risk patient. A diabetic medical history should include the type and duration of DM, nutrition and diet, past glycemic control, medications, exercise, complications secondary to DM, frequency and results of self-monitored blood glucose, as well as recent laboratory tests for HbA 1c , serum lipids, and proteinuria. 73, 87 Optometrists are in a position to ask every patient about some diabetic risk factors during the course of ocular examination, and these risk factors should be monitored in each visit. Information such as HbA 1c , blood pressure profile, lipid profile, smoking status, etc may also help in determining the urgency of referrals. 96 
Patient evaluation
Optometrists are the first health care practitioners consulted by patients with undiagnosed diabetes. 87 It is essential that optometrists should aware of the signs and symptoms of DR, provide timely consultation, monitor the reported ocular complications regularly, and organize appropriate referral of the patient for further management. Optometrist can follow the recommendations provided by AAO-PPP for the first eye examination and follow up the examination schedule for different types of diabetes. 75 Diabetes-related eye complications such as DR, glaucoma, cataracts, and other complications can be avoided with an annual comprehensive examination which includes dilated retinal examination. All patients with diabetes require optometric management during their life. Patients with significant irreversible vision loss due to DR often require low vision care, 87 which is best provided by optometrists. It has been suggested that optometrists can use color vision screening to detect changes in early diabetes and may have a role to play in detecting diabetic neuropathy by measuring corneal sensitivity.
98,99

DR screening and referral
Screening is an effective way of detecting DR as early as possible. Since DR is a progressive disease, new cases are expected to occur over time. The ETDRS and DRS trails have found that laser photocoagulation prevented vision loss in patients with PDR and ME by about 50%. 61, 100 Hence, early detection of diabetes and DR is crucial, which is possible only if regular screening is implemented. A study conducted among Australian optometrists has shown that their DR management practices have improved since the release of Guidelines for the Management of Diabetic Retinopathy, developed by Australian Diabetes Society and approved by the National Health and Medical Research Council (NHMRC), Australia.
101 As a part of routine DR screening, the NHMRC guidelines recommend that all examiners should assess patients' BCVA and perform dilated fundus examination at the time of diabetes diagnosis. 97 Presently, more Australian optometrists are performing dilated fundoscopy on diabetic patients, using recall notices, and having greater confidence in detecting and managing DR changes in their patients. Eighty percent of optometrists showed their willingness to screen for DR. This could significantly reduce the waiting time of diabetic patients with STDR to see an ophthalmologist in order to receive timely treatment. 101 Ting et al showed that 50% of optometrists reported lack of confidence in detecting DME and only 40% would refer patients with DME to an ophthalmologist. 101 Given that DME is a major cause of significant visual impairment, optometrists need further education to improve their confidence to detect and suggest referrals of this condition. Studies on the effectiveness of DR screening by optometrists using dilated ophthalmoscopy have shown that the sensitivity of detectable of referable PDR or STDR ranged from 48% to 82% 78,102 whereas mydriatic 35-mm photographs taken at general practices and later assessed by optometrists achieved a sensitivity of 91% in the detection of STDR. 102 Mydriatic retinal photographs read by optometrists achieved a sensitivity of 89% in detecting STDR. 103 Community optometrists reading 35-mm color retinal photographs had sensitivities of 91% compared to 82% with ophthalmoscopy in the identification of STDR. 102 Howse et al have suggested that screening for diabetes in optometric practice is acceptable by the community and this provides opportunities for those who do not have access to other health care providers. 104 Optometrists are involved in DR screening in different countries 90, 95, 105 and are also willing to get involved in diabetes screening. 106 The screening program may vary from region to region depending on available resources and patterns of provision. UK is considered as a world leader in DR screening because it has offered screening program to 85.7% of eligible diabetic patients. 107 Optometry-based services constitute one of the main models of DR screening program outlined by UK National Screening Committee, in which the patients are directed to accredited optometrists who can carry out digital retinal photography in their practices and images are transferred to a central location for grading. 108 In Australia, 80% of optometrists always ask about diabetes in patients aged over 40 years. 90 Hence, optometrists are in a good position to ask patients about diabetes and its risk factors and well placed to detect early signs of DR and nonretinal diabetic ocular complications during an ocular examination; at the same time, detailed history and symptom discussion can allow the optometrists to determine a patient's health and lifestyle options.
As a diabetes educator
According to the Centers for Disease Control and Prevention, someone with diabetes loses visual function every 15 minutes. 109 Lack of patient awareness is considered as a major contributing factor to poor compliance with guidelines, and it is an important issue in addressing the burden of diabetes. With increased awareness, many complications from DM can be delayed or avoided. Poor awareness of diabetes and DR was documented in Singaporean Malays with diabetes. 110 Nearly one in eight patients was unaware of his 
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Screening for diabetic retinopathy: optometrist's perspective or her diabetes and more than three-quarters were unaware of their retinopathy. The lack of patient awareness about poor control of DR risk factors and missing laser photocoagulation therapy by Singaporean Malays highlighted the importance of patient education in disease management. 110 Optometrists have both the capacity and responsibility to increase patient awareness about the condition, facilitate early detection, and assist in disease management and treatment. Optometrists should advise their diabetic patients on beneficial lifestyle changes such as regular exercises and smoking cessation.
It is important that optometrists should communicate their findings to their patients and also to other members of the diabetic health care team to ensure that they are managed properly and efficiently and referred for care that may be beyond optometrist's professional expertise. 87 
in retina diagnostics
The technique of proper retinal examination, accurate and standard performance of diagnostic tests, and interpretation of findings to arrive at the correct diagnosis must be known to the practicing optometrists. The role of optometrist in diagnostics includes 1) performing the various ancillary procedures such as OCT, FA, fundus photography, electrophysiological tests, and microperimetry; 2) interpreting the reports accurately; 3) correlating ophthalmoscopic findings with ancillary tests; 4) being aware of the guidelines and recommendations given for vitreoretinal emergencies to provide appropriate referrals; 5) understanding the difference between medical and surgical retinal diseases; and 6) educating and counseling the patient regarding disease pathophysiology.
in tele DR screening A trained optometrist goes to remote areas in a mobile van with satellite connection and captures digitalized fundus images of diabetic patients which can be viewed in real time by a retinal specialist/ophthalmologist in the hospital. At this primary level, optometrist should identify diabetic patients from the community, diagnose the stage of DR, and identify DR subjects who require immediate intervention and appropriate referral to secondary or tertiary level where further management can be done. This method of DR screening reduces the cost of transporting all the patients to the hospital. 111 Criteria for review and referral for DR by optometrists to an ophthalmologist
In each examination, the optometrist should determine the level of DR by evaluating the presence and degree of hemorrhages, microaneurysms, IRMAs, venous beading, neovascularization, and ME. After retinopathy is detected, examinations should be repeated more frequently based on the level of retinopathy. Comprehensive eye examination including dilated ophthalmoscopy is recommended for all diabetic patients. 73, 75 Based on the dilated ophthalmoscopy findings, the referral and review criteria 73 for optometrists are given as follows: 1. On dilated ophthalmoscopy, when there is no detectable retinal abnormalities (no apparent retinopathy) or microaneurysms only (mild NPDR), optometrists can review the patient in 1-2 years. 2. People with moderate NPDR need to be examined by an optometrist in every 6 months to 1 year depending on the severity of the presentation and the presence of other comorbidities. 3. In patients with signs of severe NPDR and PDR, referral to ophthalmologist is strongly recommended. 4. When there is no retinal thickening or hard exudates in posterior pole (no DME), review the patient in 1-2 years. 5. When there is retinal thickening or hard exudates in posterior pole on dilated ophthalmoscopy, referral to ophthalmologist is recommended. 6. If dilated retinal examination cannot be obtained during the optometrist's eye examination, referral to ophthalmologist is required. 7. Patients who have had laser treatment should be referred for ophthalmic review. 8. Urgent referral to ophthalmologist is required for PDR, pre-retinal or vitreous hemorrhage, rubeosis iridis, and retinal detachment. Most optometrists are able to monitor a patient with DR through the early stages of progression, but when the disease reaches the moderate to severe NPDR stage, the patient should be referred to an ophthalmologist or retina specialist. Referral to ophthalmologists should not be delayed until PDR has developed in patients who are known to have severe NPDR. Early referral to an ophthalmologist is particularly important for T2DM and severe NPDR patients since laser treatment at this stage reduces the risk of visual loss and vitrectomy by 50%. 8 Thus, the optometrist's key responsibility in DR screening is to promptly identify sight-threatening diseases and provide appropriate referral to ophthalmological services. Optometrists should remember that misdiagnosing the level of DR can severely affect the goal of maintaining good visual acuity, thereby making the prognosis guarded. 3 The Ministry of Health (MOH) in collaboration with the National Prevention of Blindness Committee (NPBC) conducted a rapid assessment of avoidable blindness and diabetic retinopathy (RAAB + DR) survey to study the magnitude of DR in Saudi population ($40 years) in three regions 112, 113 and estimated the prevalence of diabetes as 29.7%, among whom the prevalence of DR was 36.8% and STDR was 17.5% in Taif. 114 The results from the RAAB+DR studies were used to develop a national plan for the screening and control of DR. Due to increase in prevalence of DR, KSA is replacing inflexible hospital-based programs with comprehensive community-based screening initiatives. A 5-to 10-year program that comprises screening of retinopathy of prematurity (ROP), preschool vision, DR, glaucoma, and cataract is being integrated within existing health structures to provide sustainable eye care delivery to the needy. In 2013, $2.66 million was allocated for DR, glaucoma, ROP, preschool screening, and additional research. 112 Al Motowa et al have estimated that nearly 1,100 ophthalmologists and 4,440 optometrists and allied eye care personnel (ophthalmic assistants and photographers) will be needed by 2020 in KSA. 115 Currently, most of the optometrists are providing eye care in MOH institutions, whereas private optometry practices are not well established compared to other developed countries. Optometrists play a vital role in DR screening in developed countries 90, 95, 105 but optometrists in KSA have a limited scope of practice and poor access to resources for DR screening. Given the higher prevalence of DR, training of general ophthalmologists and optometrists to screen for DR should be undertaken. Screening using digital imaging may be an alternative to the lack of skilled manpower and in remote rural areas.
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Summary
Optometrists are trained effective screeners for all types of ocular pathologies such as refractive errors, 117 glaucoma, 118 age-related macular degeneration, 119 and DR. [89] [90] [91] 93, 101, 104 The responsibilities of optometrists are to carry out their duties in a professional manner, obey the law, and avoid conflicts of interest. Effective DM and DR care relies on the accurate identification and determination of DR severity, routine life-long eye care, coordinated medical care, and prompt treatment when indicated. An optometrist's skill and expertise in detecting the features of DR for early diagnosis and management makes them an essential part of a health care team across primary and secondary care. According to American Optometric Academy, optometrists are the first health care practitioners to examine persons with undiagnosed DM or ocular manifestations of DM. 87 Hence, optometrists play an integral role in identifying individuals at risk for diabetes, with undiagnosed diabetes, and at the risk of vision loss from DM; preserving vision by reducing the risk of vision loss in persons with diabetes through early diagnosis and intervention, determining the need of future evaluation, and facilitating appropriate referral; making patients and health care practitioners aware of ocular complications of DM; informing patients on available optometric visual rehabilitation care to address their vision loss by educating them the benefits of visual rehabilitation; and providing visual rehabilitation services. 87 There is a wide range of opportunities for optometrists to get involved in DR screening. Optometrists are now increasingly involved in the co-management of complex STDR cases along with a retina specialist/an ophthalmologist by doing OCT and FFA interpretation, monitoring, and decision making involving DM and PDR. By offering ocular examinations as well as advices on lifestyle and nutrition, an optometrist therefore can help reduce and prevent visual loss from DR. The optometrist should be encouraged to read the guidelines more frequently in order to review patients with diabetes in an appropriate time frame to reduce their unnecessary financial burden. Optometrists should not forget their screening role and must have continuous training in this area throughout their professional life. 120 Optometrists should make referrals for concurrent care, when indicated, and help patients understand that timely follow-up examinations and management are critical for early diagnosis and intervention to reduce the risk of vision loss from DR.
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